The inactivation of Escherichia coil by infrared (IR) irradiation was quantitatively evaluated and compared to that by thermal conductive heating. After the bulk temperature of the sterile saline irradiated by IR reached a steady given temperature, the E. coil culture was inoculated and IR heating was conducted. A mullite cylinder FIR heater, of which main wavelength is 4-7 gm, was used for IR heating. The killing of the E. coil by IR heating and thermal conductive heating both followed first-order reaction kinetics, and the apparent death rate constants (k) under different conditions were obtained. At the same temperatures, pasteurization by IR heating was more effective than that by thermal conductive heating, and its effectiveness increased with a decrease in liquid layer thickness. The values of k due to IR heating were approximately 2-3 times and one order larger than those due to thermal conductive heating at the liquid layer thickness of 10 mm and 1.5 mm, respectively. The activation energy (Ea) for the killing of E. coil by IR irradiation was slightly lower than that by thermal conductive heating, indicating that there are some differences in the action mechanisms .
. (Muramatsu et al., 1989; Maruyama et al., 1996; Rosenthal et al., 1996) , and therefore, is a promising method for the efficient inactivation of microbes (James et al., 2002; Ansari and Datta, 2003; Habbar et al., 2003) . Previous studies have reported the use of IR for microbial control (Hashimoto et al., 1991; 1992; 1993; Sawai et al., 1995; 1997; . Compared with thermal conductive heating, IR irradiation was more effective in killing vegetative bacterial cells (Hashimoto et al., 1991; Sawai et al., 1995) . Furthermore, IR irradiation caused the heat activation and death of Bacillus subtllis spores in a temperature range over which spore viability was not affected by thermal conductive heating (Sawai et al., 1997) . Hamanaka et al. (2003) also reported on the heat activation and inactivation of bacterial spores by IR irradiation. The effects of IR may be due to the absorption of radiative energy by the bacterial suspension in a very thin layer near the surface and to the increase in the bulk temperature of the suspension (Hashimoto et al., 1992; Sawai et al., 2000 •Ž. Figure 3 shows the effect of the bulk temperature of an E. coil suspension heated by IR irradiation. The ordinate is the ratio of the E. coil cfu post-irradiation (N) divided by the non-treated CFU (No,), which represents the survival ratio. The volume of the bacterial suspension was 100 ml, corresponding to a liquid layer thickness of 17 mm. The pasteurization effectiveness by IR heating increased with the bulk temperature of the irradiated suspension. As shown in Fig. 3 , with the logarithmic survival ratio and irradiation time (t) as the ordinate and abscissa, respectively, the population of the E. coli decreased almost linearly at a constant temperature. Thus, assuming that the killing of F coil by IR irradiation follows firstorder reaction kinetics as given by Eq. (1) In a previous study (Hashimoto et al., 1992; 1993) the liquid layer. There are many studies on IR drying. In many cases, IR irradiation treatment is beneficial in decreasing the duration of the drying process and hence the amount of energy required. The product quality is also better, particularly in the drying of heat sensitive materials (Carroll and Churchill, 1986; Paakkonen et al., 1999; Chua and Chou, 2005) . Pasteurization is the process of killing microorganisms in food by heat treatment. However, heat treatment causes a number of other reactions that may degrade the quality of the processed food. Therefore , it is important to attain the optimum level of pasteurization at as low a temperature as possible. Previously, we compared the inactivation of aamylase by IR heating with that by conductive heating; the decrease in enzyme activity was found to be largely similar for the 2 processes, as long as the temperature profiles of the enzyme solutions were identical during heating (Sawai et al., 2003) . As shown in this study, for the same temperatures, pasteurization by IR heating was more effective than that by thermal conductive heating. The results in this study show that IR heating can potentially be used in the pasteurization of food, provide a clean working area and save space because it does not require a heat-transfer medium.
